This study focuses on whether generic advertising and health information have detectable effects on U.S. meat demand. This question is of interest because previous studies suggest that generic advertising and health information, when examined in isolation, do indeed influence meat consumption patterns (Ward and Lambert, Capps and Schmitz, McGuirk et al.) . However, no study to our knowledge has examined the combined effects of advertising and health information on U.S. meat consumption. The side-by-side comparison of responses to generic advertising and health information permits testing of attribution and related theories (Mizerski) , which have an important bearing on the optimal allocation of resources to promotion, research, and other market-develHenry W. Kinnucan and Hui Xiao are professor and graduate-research assistant, respectively, Department of Agricultural Economics and Rural Sociology, Auburn University; Chung-Jen Hsia is an economist with the Council of Agriculture, Taiwan; and John D. Jackson is a professor in the Economics Department, Auburn University.
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As a by-product of our analysis, we examine the robustness of the estimated parameters to sample updating. Interest in the robustness issue stems in part from a growing concern about whether empirical results are cumulative in the sense that replication with new or updated data would confirm previous findings (Robinson and Colyer) . Tomek argues that replication, i.e., estimating the same model with new or updated data, is essential for sound policy, learning, and research innovation. Moreover, the role of taste change in explaining trends in U.S. meat demand has proved controversial. Some studies confirm the hypothesys of structural change (e.g., Sakong and Hayes), while others disconfirm or question it (e.g., Eales and Unnevehr). The conflicting findings argue for increased attention to robustness when reporting empirical findings.
The chief aim of this research is to determine the effects of health information and generic advertising on meat consumption patterns in the United States. A secondary objective is to determine the validity of Theil's theory that advertising responses are proportional to price responses. We begin by discussing the model, data, and estimation procedures. The empirical results to establish robustness and test hypotheses are then presented. The paper concludes with a summary of the major findings. D mare specified to account for seasonal shifts in meat demands. An intercept is included in equation (1) to test whether trend-related changes in demographics or meat composition affect meat demand.4
An implicit assumption underlying equation (1) is that brand advertising has no effect on aggregate demand. Thus, poultry advertising, which is strictly brand based, is excluded from the model. A justification for this assumption is that brand advertising, by definition, is directed at shifting the market shares of individual firms and not necessarily at enlarging the size of the total market. The chief aim of generic advertising, by contrast, is market e~p a n s i o n .~ Symmetry and homogeneity are tested in equation (1) by imposing, respectively, the restrictions c,. = c,, for all i and j and Xlcij= 0 for all i. Advertising coefficients must sum to zero, i.e., Cdik= 0 and Ekeik= 0 for all i, to satisfy the advertising homogeneity condition (Selvanathan, p. 219) . 6 Theil's (1980) theory that advertising affects the marginal utility of the advertised good but leaves the marginal utility of other goods unchanged implies that the advertising coefficients in equation (1) are proportional to the negative of the price coefficients (e.g., see Duffy 1987 Duffy , p. 1053 . However, to satisfy demand theory, the price coefficients in equation (1) must be symmetric. Thus, Theil's proportionality hypothesis, when combined with the price-symmetry hypothesis, is tantamount to assuming that advertising coefficients are sym-' We thank Sheila Corrington of the National Livestock and Meat Board for bringing to our attention the potential importance of compositional changes. For example, the portion of young chicken slaughter going into further processed products between 1976 and 1987 (the latest available figure) increased from 7.1% to 22.4% (Perez, Weimar, and Cromer, tables 86 and 87) . Assuming compositional changes occurred gradually over the sample period, the Rotterdam model's intercept, which is interpreted as a trend variable, will reflect the compositional change.
Although it would have been preferable to test the hypothesis that brand advertising has no effect on the aggregate demand, data limitations prevented this. In particular, the published data source (Leading National Advertisers) is too aggregated to permit accurate identification of brand expenditures by meat category. For example, while it is clear that expenditures listed under the Beef Industry Council is for beef advertising, it is less clear that expenditures listed under Swift, Oscar Mayer, Tyson, or Hormel is for beef, pork, poultry, or some combination thereof. To the extent that brand advertising does indeed affect aggregate demand, the estimated (direct) effects for generic advertising will he biased upward, assuming brand and generic advertising are related.
As pointed out by a reviewer, the homogeneity condition need not hold if one or more commodities in the system is not advertised. This is particularly true for the equation(s) pertaining to zero advertising (e.g., poultry in our system). For these equations, the advertising elasticities, which are strictly cross-elasticities, may well sum to less than zero. Advertising homogeneity, therefore, is not imposed in the final estimation.
Effects of Health and Advertising on Meat Demand
metric.' Advertising symmetry, therefore, is tested by forming the following hypothesis:
(2) HN:dik+ elk= dki+ e,, HA: HN not true for all i and k with nonzero advertising. Hypothesis (2) represents a test of linear restrictions; hence, it can be tested using the Wald criterion (Greene 1993, pp. 187-89) . Engel aggregation requires that X,bi = 1. Based on the proposition that an advertising-induced increase in the demand for one commodity must be offset by a decrease in the demand for at least one other commodity if the budget constraint is to be satisfied, Basmann (p. 53) developed an adding-up restriction for advertising responses, namely for all k.8 In terms of equation (I), the Basmann aggregation condition implies that Cidik= 0 for the contemporaneous advertising responses, and Cie, = 0 for the lagged responses. From Basmann's analysis, it follows directly that the coefficients of Z and 2-, must also sum to zero across equations, i.e., X& = 0 and Xigi = 0.
In estimation, one equation is dropped from the system to avoid singularity in the variance1 covariance matrix (Barten 1969) . Because the adding-up conditions are used to obtain coefficients for the deleted equation, adding up is treated as a maintained hypothesis in the Rotterdam model. In addition, the differentials in equation (1) are approximated by first differences; thus, the intercepts must sum to zero, i.e., Xiai = 0. Likewise, the seasonality coefficients must sum to zero, i.e., C,h, = 0 for all m. Further, the price coefficients across equations must sum to zero, i.e., Xib,. = 0. Finally, the coefficients are regarded as fixed constants even though they embed budget shares, which generally change over time. Although these empirical details compromise the generality of the Rotterdam specification, the model is still regarded as a flexible approximation to an unknown demand system (Barnett, Mountain) .
' Selvanathan's analysis (p. 218) identifies a weaker form of symmetry, namely d,, 5 d,, and e,, S e,,. The difference arises from a less restrictive assumption (than Theil's) about how advertising affects marginal utilities.
Note that the Basmam aggregation condition does not imply that advertising is a zero-sum game; the appropriate test for the latter hypothesis is ZJjE,: = 0 for all k, i.e., the unweighted sum of the ownand cross-elasticities is zero for each advertised commodity.
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Elasticities are calculated using the following expressions:
(Hicksian price elasticities) E,; = c,,1w, (advertising elasticities)
(health info. elasticities)
Expenditure elasticities are expected to be positive, own-price elasticities negative, and generally the Hicksian cross-price elasticities are expected to be positive, since meat products are generally considered to be normal goods and to substitute for each other. The own-advertising elasticities should be positive and the cross-advertising elasticities negative. The health information elasticities are expected to be positive for poultry and fish and negative for beef and pork because red meat consumption is implicated in heart disease and health authorities encourage the consumption of fish and poultry as a healthy alternative.
Data and Estimation Procedure
Data for the period 1976 through 1993 are used to estimate the model. However, two sample periods are chosen to test the robustness of estimated coefficients to sample updating. The data set established by Hsia covers 1976.1 to 1991.111 and serves as the basis for our baseline estimates. The updated sample adds nine observations to Hsia's original data seL9
Price and quantity data for beef, pork, and poultry were obtained from Putman and Allhouse and USDA's Livestock a n d Poultry Situation a n d Outlook Report. Price data for fish were obtained by dividing per capita expenditure data from a 1982-84 USDA survey by per capita fish consumption to get a base price. This base price was then multiplied by the quarterly CPI for fish to get a time series. Fish consumption data through 1991.111 were obtained following the procedure outlined in Schmitz and Capps (p. 10) ; regression analysis was used to update the fish consumption data series through 1993.IV. (The actual data, along ' The sample covers a period of substantial changes in the level of red meat and fish advertising. For example, expenditures on beef advertising in 1986, the year immediately preceding implementation of federal legislation authorizing the nationwide check-off program, was $3.6 million; in 1987 expenditures jumped to $23.2 million. No attempt was made in this study to determine whether the large increase in expenditures affected response coefficients.
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with a more detailed description of the foregoing procedures, are contained in a data appendix available upon request from the authors.)
The advertising data were obtained from quarterly issues O~A D $ Summary published by the Leading National Advertisers, Inc. The beef, pork, and fish advertising data are those reported by LNA for the Beef Industry Council, the National Pork Producers Council, and the National Fish and Seafood Council, respectively. To accommodate the logarithmic specification of the Rotterdam model, the problem of zero advertising expenditures in some periods was addressed by adding a small positive number (0.0001) to each observation (zero and positive values alike) after deflation by population and the CPI. The price deflater (CPI) is the general index for all items compiled by Bureau of Labor Statistics. The advertising data were placed on a per capita basis to be consistent with previous studies (e.g., Thompson and Eiler) , although experimentation indicated that results are not sensitive to deflation.
A health information index was constructed using Brown and Schrader's cholesterol information index as basic data, updated through 1993.IV. Brown and Schrader developed two data series. one that indicated the cumulative sum of articles gppearing in medical journals that support the link between blood serum cholesterol and heart disease ("negative information"), and another that indicated the cumulative number of articles that attacked or questioned the link ("positive information"). Following Chang and Kinnucan, we combined the two basic data series into a single index using the formula
where Z, is the "net-publicity" about the link between cholesterol and heart disease. In equation (4), NEG, is Brown and Schrader's "negative information" index, and o,is a weighting factor that indicates the relative proportion of all articles in period t that are negative, i.e., o, = NEG,I(NEG, + POS,) where POS, is the cumulative total of "positive" articles."
The model was estimated using seemingly 'O A revlewer suggested that perhaps the negatlve and positive ~n f o r m a t~o n might have different effects and therefore should be kept separate. Brown and Schrader (p. 549 and fn. 3), however, also combined the two series, arguing that positive and negative information had equal but opposite effects and, In any case, the positive information series was statistically insignificant. Moreover, the positive information (articles attacking the links) was small compared to the negative information: by 1987, art~cles supporting the links outnumbered articles attacking the links by a factor of 23 (Brown and Schrader, p. 550). unrelated regressions (SUR) to accommodate the imposition of parametric restrictions. The SUR procedure was selected because the Hausman test failed to detect a correlation between the price and expenditure terms and the error term in equation (1) in either the original or the updated sample (table I) ." This suggests that for these data, prices and expenditures can be treated as exogenous for estimation purposes.I2
The adding-up constraint implies that only three equations in the system are independent. The usual procedure, followed in this study, is to drop one equation, estimate the remaining system, and to calculate the parameters from the omitted equation using the classical restrictions. The SUR procedure using maximum likelihood estimation for constrained systems produces estimates that are invariant to the deleted equation (Greene 1992, pp. 390-92) . To facilitate tests of the advertising restrictions, we deleted the poultry equation. However, to assure robustness of parameter estimates to the deleted equation, and to obtain estimates of the standard errors of the "deleted" equation, we estimated the model twice: once with the poultry equation deleted, and again with the fish equation deleted.
Theoretical restrictions were successively imposed and tested using the Wald criterion. Based on these tests, an appropriately restricted model was used to test for advertising and health information effects and to estimate elasticities. All tests, unless indicated otherwise, use a significance level of 5%. Elasticities are evaluated at sample mean budget shares.
" The Hausman tests were conducted using the method described by Greene (1993, p. 287) as explained in table 1 (note a). The instrumental variables are the same as used by Eales and Unnevehr. Specifically, to capture supply-side influences we used an energy price index, corn price, ninety day treasury bill yields, meat packing plant wage rates, and fat removed from 100 pound pork carcasses. These variables, plus population and real per capita consumer income (as general demand-shifters), were added to the current and lagged values of the predetermined variables in equation (1) to form the instrument set. The instruments, along with data sources, are in an appendix available upon request from the authors. l 2 Technically, price exogeneity implies that (short-run) supply schedules for meat are horizontal. Horizontal supply at the farm level is implausible because of biological lags in the production of live animals and import controls. At retail, however, horizontal supply is perhaps less objectionable given excess capacity in meat processing, cold storage holdings, and the ability of retailers to import boxed beef and other processed meat items. Bronsard and Salvas-Bronsard's work suggests that price endogeneity is unimportant in demand system estimation when the commodities in question constitute a small portion of the consumer budget. (The meat group's budget share since 1985 is less than 3%, USDA, p. 5, (Greene 1993, p. 287) . For single-equation procedures, this adjustment amounts simply to multiplying one of the covariance matrices by a scalar equal to the ratio of the two estimated mean squared errors. For systems' estimators, the adjustment is not so straightforward. We mimic the single-equation procedure by multiplying each of the 17 x 17 ownequation covariance matrices obtained by the efficient (SUR) estimator by the appropriate ratio of mean squared errors and recomputing the test statistic for the system. The second number represents the chi-square value when this adjustment procedure is performed; the first number represents the chi-square value based on the unadjusted covariance matrices. Five percent level of significance. The degree of freedom is 15, since five explanatory variables (meat expenditure and four price terms) are assumed to be endogenous in each of the three estimated equations, and the tests are performed without imposing the classical restrictions.
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Results
Preliminary tests based on the Durbin-Watson statistic showed no evidence of serial correlation in the unrestricted equations. Wald tests for various combinations of the theoretical restrictions indicate that, regardless of sample period or combination of restrictions, all restrictions are compatible with the data (table 2). Of particular note is the compatibility of the advertising restrictions with the data, as these restrictions to our knowledge have not been tested before in the literature. Theil's hypothesis that advertising elasticities are proportional to price elasticities is consistent with these data.
Regression results for the model with price homogeneity and price and advertising symmetry imposed for the two sample periods are reported in tables 3 and 4. (Although compatible with the data, advertising homogeneity is not imposed owing to the problems with interpreting this condition when the system contains unadvertised goods; see footnote 6.) The relatively high R2's, which range from 0.80 for beef and fish to 0.92 for pork, coupled with a preponderance of significant coefficients, suggest the restricted model provides a good fit to the data. The results overall suggest that meat demands are subject to seasonal variation and trend effects. Estimated price effects and expenditure effects in general are consistent with a priori expectations. However, sufficient dif-own-price, is significant. In the updated ferences exist in the original and updated esti-sample, the own-price effect for fish is signifimates to suggest that inferences are sensitive to cant and the cross-price effect of fish price with sample updating, especially with respect to es-respect to pork consumption is significant and timated advertising effects. positive, indicating that fish is a net substitute for pork. The compensated own-price elasticities for the updated sample for beef, pork, poulPrice Effects try, and fish are -0.444, -0.688, -0.158, and -0.888 (table 5) . These compare favorably with The major difference in the estimated price ef-Capps and Schmitz's (p. 30) corresponding esfects between the original and updated samples timates of -0.357, -0.451, -0.216, and -0.273 pertains to fish. In the original sample, none of based on 1966-88 annual data. The larger price the price effects pertaining to fish, including elasticities for red meat products in the more recent period may reflect enhanced competition in the meat group due to the growth of aquacultural industries (e.g., catfish, crawfish, striped bass, and salmon). Alternatively, the earlier estimates may be biased as a result of the omission of trend or advertising effects.
Expenditure Effects
Estimated expenditure effects are consistent in the two samples. That is, total meat expenditure is a significant determinant of the demand for beef, pork, and fish, but not for poultry. Identical results were obtained by Capps and Schmitz (p. 29) . Elasticity estimates, however, differ importantly between the samples, with the estimates for beef and pork decreasing and the estimate for fish increasing. (In fact, fish's expenditure elasticity in the updated sample is almost twice as large as the estimate for the original sample.) The updated-sample expenditure elasticities estimates are 0.721, 0.739, 0.051 (insignificant), and 5.173 for beef, pork, poultry and fish (table 5). Capps and Schmitz' corresponding estimates are 0.900, 1.889, 0.227 (insignificant), and 0.609.
Health Information Effects
Estimated health-information effects are robust across the samples. Poultry appears to have benefited from the dissemination of cholesterol-related health information largely at the expense of beef. Pork and fish appear to have been unaffected by health information, although the significant intercept terms in the pork and fish equations suggest that other sources of structural change may be at work. Capps and Schmitz, by comparison, found that poultry gained from increases in health information at the expense of pork. The contemporaneous effects of health information in general are larger than the lagged effects. This, coupled with the insignificance of many of the lagged terms, suggests relatively rapid decay in health information effects.
That health concerns may play an important role in explaining meat consumption patterns is suggested by the magnitude of the estimated health information elasticities of 1.54 for poultry and -0.583 for beef (table 6, updated sample). Given the relatively large increases in the health information index over the sample period, these elasticities hint at the potential importance of health information in explaining Amer. J. Agr. Econ. increases in poultry consumption and declines in beef consumption over time.
Advertising Effects
The robustness issue is most pronounced in the estimation of advertising effects. For example, using a t-ratio of 1.65 to indicate significancethe cut-off for a two-tail test at the 10% levelonly three out of a possible 24 estimated coefficients are significant in each sample. Moreover, the three significant coefficients obtained from the two sample periods are not the same. In the original sample, beef advertising (lagged one period) has a positive effect on beef demand and a negative effect on poultry demand. In the updated sample, beef advertising has a positive effect on pork and fish demand, but no effect on beef or poultry demand. By comparison, Brester and Schroeder (p. 977) find that generic advertising of beef and pork has a negative effect on poultry consumption, but no effect on the demand for beef or pork (fish is not Included in their system).
The fragility of advertising parameters may be due to advertising's minor role in meat consumption behavior. For example, generic advertising intensities for meat items (advertising expenditure divided by industry revenue) are minuscule and advertising elasticities tend to be small compared to price and expenditure elasticities (compare tables 5 and 6). It may be asking too much of our econometric models to estimate reliably the effects of a variable whose effects are modest in any case.I3
A second reason why estimated advertising parameters may be fragile relates to advertising measurement. As noted by Telser (p. 476) , demand depends not so much on advertising outlays as on the number of messages consumers actually receive. The number (and quality) of messages that consumers actually receive is influenced inter alia by advertising copy, target audience, and media mix. The impact of these strategic decisions on message quantity (or quality) is not well reflected in a simple dollar measure of media exposure.
A related problem is that the tracking data reported by LNA may understate actual expenditures or misrepresent turning points (Kinnucan and Belleza) . Thus, even if advertising expenditures measure the conceptually correct variable, estimated advertising effects may be biased to-lower level of significance is accepted for the ward zero because of measurement error. How-cross effects of beef and pork advertising on ever, downward biases caused by measurement poultry consumption, these results conform error may be offset by upward biases associated with our findings for the updated sample in with the omission of brand advertising in our table 4. The significance of brand advertising in models. Measurement and specification errors, Brester and Schroeder's analysis, although difto the extent that they exist and are important, ficult to interpret due to the omission of health may compound the "smallness-of-effect" prob-information, suggests that brand advertising lem cited earlier. may indeed expand meat demand, an issue worBrester and Schroeder's analysis of meat ad-thy of additional research. vertising includes brand advertising, but excludes health information, and their demand system excludes fish. Despite these differences, Concluding Comments results are consistent between the two studies on the key issue of generic advertising effec-A basic theme of this paper is that empirical estiveness. In particular, Brester and Schroeder timates of economic parameters may be fragile (p. 977) found that generic beef and pork ad-and therefore it is important to examine robustvertising had no effect on beef or pork demand ness. Examining U.S. meats, we found that and negatively affected poultry demand. If a price, expenditure, and cholesterol-information elasticities were relatively robust to sample updating, but that estimated elasticities for generic advertising were unstable. Thus, while we can be confident that meat consumption patterns are influenced by relative prices, total meat expenditures, and health information, no such confidence can be placed in the effects of advertising.
The dominant pattern in U.S. meat consumption o v e r the past t w o decades has been a steady increase in per capita poultry consumption, largely at the expense of beef consumption. Although changes in relative prices have influenced this pattern, our results suggest that structural change is at work. The basis for this claim, which contradicts other findings (e.g., Eales and Unnevehr), is that health information, trend (the Rotterdam model's intercept), or both are significant in each of the estimated equations. Moreover, the elasticity for cholesterol information in the poultry equation (1.54) far exceeds poultry's own-price elasticity (-0.158) and poultry's cross-price elasticity with respect to beef price (0.305). Thus, relatively small percentage changes in health information induce much larger changes in poultry consumption than equivalently small percentage changes in poultry price or beef price. An examination of the corresponding elasticities for beef yields similar conclusions with respect to beef consumption, although health information effects are less pronounced.
The finding that advertising affects are sensitive to sample period suggests more attention needs to be devoted to robustness in empirical studies of advertising effectiveness. In addition to sample updating, advertising parameters may be influenced by functional form (Piggott and Griffith; Alston, Chalfant, and Piggott; Green, Carman, and McManus) , measurement error (Kinnucan and Belleza), and structural change (Kinnucan, Chang and Venkateswaran; Kinnucan and Venkateswaran; Ward a n d Dixon). Clearly, more research is needed to sort out the sources of advertising parameter instability and to identify possible remedies. In the meantime, about all that can be said about the generic advertising programs for beef, pork, and fish in the United States is that their effects are uncertain. Producers, the legal community, and policy makers, therefore, should be cautious about claims that are made for the efficacy of generic advertising campaigns for meat products.
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